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Introduction
Chemotherapy-induced nausea and vomiting (CINV) is associated with a significant decrease in quality of life and may lead to delay or discontinuation of chemotherapy. [1] [2] [3] Antiemetic guidelines provide comprehensive recommendations for combination antiemetic regimens to prevent CINV. 1, [4] [5] [6] [7] [8] The current National Comprehensive Cancer Network (NCCN) guidelines recommend the inclusion of a substance P/neurokinin 1 (NK-1) receptor antagonist (RA) as part of an antiemetic regimen for patients receiving highly emetogenic chemotherapy (HEC) and for appropriate patients receiving moderately emetogenic chemotherapy (MEC).
1 HTX-019 (CINVANTI ® ; Heron Therapeutics, Inc., San Diego, CA, USA), approved by the Food and Drug Administration (FDA) in November 2017, is a novel injectable emulsion formulation of the NK-1 RA aprepitant. HTX-019 is indicated in adults for administration in combination with other antiemetic agents for the prevention of acute and delayed CINV associated with initial and repeat courses of HEC including high-dose cisplatin, and nausea and vomiting associated with initial and repeat courses of MEC. 9 Safety concerns exist with intravenous (IV) formulations of other NK-1 RAs (fosaprepitant and rolapitant), such as hypersensitivity reactions (HSRs) including anaphylaxis and anaphylactic shock, and infusion-site adverse events (ISAEs), which may be attributed to their synthetic surfactants (polysorbate 80 and Koliphor HS 15, respectively). 10, 11 HTX-019 is an NK-1 RA formulation free of polysorbate 80 and other synthetic surfactants to improve the safety profile; unlike fosaprepitant and rolapitant, HTX-019 contains only natural excipients. The formulation delivers 130 mg of aprepitant (150 mg fosaprepitant equivalent) per 18 mL of emulsion. 9 HTX-019 utilizes lipid components with a long history of use in parenteral products, such as IV nutrition. 12 The NCCN guidelines list HTX-019 130 mg IVas a category 1 recommendation, in combination with other antiemetics, for the prevention of CINV in patients receiving HEC or MEC. 1 This recommendation, as well as the FDA approval, was based on the findings of 2 bioequivalence studies of HTX-019 130 mg and fosaprepitant, 13, 14 in which singledose HTX-019 130 mg IV (30-min infusion) was bioequivalent to single-dose fosaprepitant 150 mg IV, infused over 20  or 30 mins.  13,14 Furthermore, HTX-019 was well tolerated and demonstrated a consistent safety profile in the 200 healthy subjects included across both studies. HTX-019 displayed a more tolerable safety profile than fosaprepitant, as the percentage of subjects who reported any TEAEs and the total number of TEAEs, including those within the first 30 mins after infusion, were lower following HTX-019 treatment compared with fosaprepitant. 13, 14 The two initial bioequivalence studies evaluated HTX-019 infused for 30 mins; however, an acute shortage of IV fluids and bags, along with the desire to reduce administration times, has prompted the administration of small-volume parenteral solutions as short injections (5 mins or less) whenever possible. 15 A third bioequivalence study in 50 healthy volunteers showed that administration of HTX-019 130 mg as an IV push (2-min injection) was comparable to 30-min infusion in terms of pharmacokinetics and safety. 16 HTX-019 was well tolerated when administered as either an injection or an infusion. 16 The crossover design of that study allowed comparison of IV infusion and IV push in the same subjects, but a limitation was that it was conducted in healthy volunteers. The objective of the present prospective study was to evaluate the safety of HTX-019 administered as 30-min IV infusion or 2-min IV push, in a crossover manner, as part of a guidelinerecommended 3-drug regimen for CINV prophylaxis in patients with cancer receiving emetogenic chemotherapy (HEC or MEC).
Materials and methods

Study design and objectives
This study was conducted in accordance with the International Conference on Harmonisation Guideline for Good Clinical Practice and the Declaration of Helsinki. The study was approved by the institutional review board at the University of Alabama Birmingham. Written informed consent was obtained from each patient. This prospective study evaluated the safety profile of HTX-019 administered as part of a guidelinerecommended 3-drug antiemetic prophylactic CINV regimen in patients receiving either HEC or MEC, with chemotherapy cycles ranging from 14 to 28 days. Patients were treated in a randomized sequence in crossover fashion (AB or BA) across 2 treatment periods as follows: treatment A-2-min IV injection of HTX-019 130 mg; treatment B-30-min IV infusion of HTX-019 130 mg (in a 130-mL bag). There was a washout period between the 2 treatment periods for each patient (≥14 days corresponding to the next chemotherapy cycle). The primary objective was the assessment of adverse events for 30 mins from the start of HTX-019 administration as either a 2-min injection or a 30-min infusion while patients received the chemotherapy regimen.
Patients
Enrolled patients were adult men and women aged 20-92 with cancer who were receiving at least two cycles (14-28 days for each cycle) of the same chemotherapy regimen (HEC or MEC) and were eligible to receive a guidelinerecommended 3-drug antiemetic regimen of an NK-1 RA (HTX-019), 5-hydroxytryptamine type 3 (5-HT 3 ) RA, and dexamethasone. Patients were excluded if they were pregnant; were lactating; had evidence or history of clinically significant allergic hematologic, endocrine, pulmonary, gastrointestinal, cardiovascular, hepatic, psychiatric, or neurologic disease; or had any contraindication or known or suspected hypersensitivity/idiosyncratic reaction to aprepitant or any component of HTX-019, or any drug in the NK-1 RA class.
Treatment regimens
Patients received the antiemetic treatment regimen starting at least 60 mins prior to chemotherapy in the following order: HTX-019 130 mg (2-min injection or 30-min infusion), followed by a 5-HT 3 RA (palonosetron 0.25 mg IV for 30 s, or ondansetron 8 mg IV [MEC] or 8-16 mg IV [HEC] for 5-10 mins), followed by dexamethasone 8-12 mg IV for 15-20 mins, followed by the chemotherapy regimen (at least 60 mins after start of HTX-019 administration). Patients scheduled to receive a taxane chemotherapy were given IV diphenhydramine and IV ranitidine (for 30 mins) following the dexamethasone and prior to the chemotherapy.
Study assessments
All adverse events, regardless of causality or seriousness, were recorded from the time the patient signed the informed consent (24-48 hrs prior to the start of treatment) through the end of the study period. Any adverse events occurring at 0-30 (primary endpoint) and 30-60 mins following the start of HTX-019 administration during the first and second cycles were recorded. Any adverse events noted after the 60-min period and during the administration of the chemotherapy were also recorded. Serious adverse events (SAEs) were defined as resulting in the following outcomes: death, life-threatening adverse event, inpatient hospitalization or prolongation of existing hospitalization, or persistent or significant incapacity or substantial disruption of the ability to conduct normal life functions. Other assessments included cancer diagnosis, baseline Eastern Cooperative Oncology Group performance status, baseline physical examination, review of current and past medications, standard blood tests, emetogenic potential of the chemotherapy regimen administered (HEC or MEC), cycle of chemotherapy received based on the crossover design (1 or 2), method of administration of HTX-019 (injection or infusion via a peripheral line or central line), and additional antiemetics administered during the study.
Statistical methods
Sample size justification
This crossover study was designed to demonstrate that delivery of HTX-019 via IV push was noninferior to delivery of HTX-019 via IV infusion in terms of infusionsite reaction (ISR) rate. Assuming an expected ISR rate of 5% for both delivery methods (ie, equivalence), and that an absolute difference of 4% was clinically acceptable as not significantly worse, a sample size of 130 patients was required. This sample size for comparison of paired proportions was computed using an assumed 1% random chance of discordant pairs (ie, an ISR with one method but not with the other), and provided 80% power to demonstrate the noninferiority of IV push to IV infusion using a 95% upper 1-sided confidence limit, meaning the upper confidence limit for the difference in rates would be <4%.
Statistical analysis
The primary endpoint was the evaluation of adverse events occurring during the 30 mins following the start of a 2-min injection or a 30-min infusion of HTX-019. Of particular interest was the occurrence of either ISAEs or HSRs, such as dyspnea or anaphylaxis. These are collectively referred to as ISRs. The difference in the ISR rate between methods was estimated using a 1-sided upper 95% confidence limit, computed using Newcombe's method 10. 17 If this upper confidence limit for the difference in proportions was ≤0.04 (the chosen noninferiority margin), it would be concluded that the 2-min IV injection (IV push method) was noninferior to the 30-min IV infusion method.
Results Patients
A total of 139 patients were enrolled and randomized, 4 of whom did not complete the study as a result of declining to participate after signing the consent (n=1), significant delay in treatment (n=1), and change in chemotherapy agents (n=2). The demographics and baseline characteristics of the remaining 135 patients are summarized in Table 1 . Of 135 patients, 35 received a MEC regimen and 100 received a HEC regimen, with the most common chemotherapy regimens including carboplatin area under the concentration-time curve (AUC) >4, taxanes, anthracycline+cyclophosphamide, and cisplatin. The most common diagnoses were ovarian, lung, endometrial, and colorectal cancer ( Table 1) . Each patient received a 2-min injection and a 30-min infusion of HTX-019 130 mg according to the 2-treatment, 2-period, 2-sequence crossover design ( Figure 1 ).
Safety and tolerability of HTX-019 injection and infusion
HTX-019 administered as either an injection or an infusion was generally well tolerated. The number of treatmentemergent adverse events (TEAEs) of any cause and the percentage of patients experiencing a TEAE are shown in Table  2 . None of the TEAEs occurred within 30 mins or within the 30-60 mins following HTX-019 injection or infusion. All 10 TEAEs reported in 7 patients occurred at least 60 mins following HTX-019 administration in patients who received HTX-019 infusion or injection followed by IV diphenhydramine, ranitidine, dexamethasone, and palonosetron or ondansetron, then followed by chemotherapy (diphenhydramine and ranitidine were administered as premedications for patients receiving taxane chemotherapy). Given their timing, none of these TEAEs were considered by the investigator to be related to HTX-019 administration.
Safety and tolerability of HTX-019 2-min injection
In the 2-min HTX-019 IV injection group (IVP), 2 TEAEs were reported after chemotherapy administration in 2 of 135 patients (1%) (patients IVP1 and IVP2), dizziness (n=1) and itching (n=1 
Safety and tolerability of HTX-019 30-min infusion
In the 30-min HTX-019 infusion group (IVI), 8 TEAEs were reported after the start of chemotherapy administration in 5 of 135 patients (4%) (patients IVI1-5), the most common being erythema (n=2) and dyspnea (n=2) ( Table 2) , none of which was fatal or led to study drug or chemotherapy discontinuation or withdrawal. Of the 5 patients in the 30-min infusion group who had at least 1 TEAE, 3 received carboplatin plus docetaxel or paclitaxel; they experienced a total of 5 TEAEs, all related to taxanes.
TEAEs in first 30 mins after the start of HTX-019 administration
As outlined above, 6 patients (injection, n=1; infusion, n=5) experienced a total of 9 TEAEs 10-30 mins after start of chemotherapy administration, which was at least 70-90 mins after start of HTX-019 administration. None of these TEAEs occurred within the first 30 mins after start of HTX-019 administration, and none were deemed by the investigator to be related to HTX-019 treatment. All of the TEAEs were resolved by the end of the study.
Noninferiority analysis of ISRs with HTX-019 injection and infusion
No ISRs or other TEAEs were reported in the first 30 mins following the start of HTX-019 130 mg administration with either 2-min injection or 30-min infusion. The adverse events reported with either 2-min injection or 30-min infusion of HTX-019 130 mg were not considered to be ISRs. Therefore, statistical analysis to demonstrate noninferiority with regard to ISRs was not conducted. Instead, the analysis was performed using a "conservative" approach, and included any adverse event reported at any time after the start of HTX-019 treatment. There were 2 such TEAEs reported with the 2-min injection and 5 TEAEs reported with the 30-min infusion, all which occurred more than 60 mins following the start of HTX-019 administration. None of the patients reported a TEAE on both treatments. The point estimate for the difference in TEAE rates was −0.022, and the upper 1-sided 95% confidence limit for the Abbreviations: 5-HT 3 , 5-hydroxytryptamine; AC, anthracycline+cyclophosphamide; AUC, area under the concentration-time curve; ECOG, Eastern Cooperative Oncology Group; HEC, highly emetogenic chemotherapy; HTX-019, aprepitant injectable emulsion; IV, intravenous; MEC, moderately emetogenic chemotherapy; RA, receptor antagonist. difference in TEAE rates was 0.0127. Since this was well below the 0.04 noninferiority margin set for ISR rates, the 2-min injection would be declared noninferior to the 30-min infusion of HTX-019 130 mg, for the occurrence of TEAEs at any time following the start of HTX-019 administration.
Discussion
HTX-019 130 mg administered as a 2-min injection or a 30-min infusion in a crossover fashion in patients with cancer was well tolerated. No TEAEs occurred within 30 mins after start of HTX-019 administration. Overall, there were 10 TEAEs, with 2 TEAEs occurring in 2 patients (1%) receiving the 2-min injection and 8 TEAEs occurring in 5 patients (4%) receiving the 30-min infusion. All these TEAEs were seen following administration of chemotherapy and were therefore not considered related to HTX-019. The only TEAEs reported following the 2-min injection were itching and dizziness. The most common TEAEs reported with the 30-min infusion were erythema and dyspnea. Six patients experienced a total of 9 TEAEs in the first 30 mins after start of chemotherapy administration (≥70-90 mins after HTX-019 administration). There were 3 SAEs (dyspnea n=2; throat closing n=1) that occurred following the start of chemotherapy administration in 2 patients receiving the 30-min infusion of HTX-019. Given the timing of the TEAEs during chemotherapy administration, none were deemed by the investigators to be related to HTX-019 treatment. All TEAEs were observed in patients receiving taxane-based chemotherapy who had been pretreated with IV diphenhydramine, ranitidine, and palonosetron after HTX-019. The 5 TEAEs reported in 3 patients who received a 30-min infusion were considered taxanerelated. All TEAEs resolved by end of the study. In addition, none of the TEAEs in the study were considered ISRs, and administration via the 2-min injection demonstrated noninferiority to the 30-min infusion for TEAEs that occurred at any time following the start of HTX-019 administration.
HTX-019 was approved by the FDA as a 30-min infusion and, more recently, as a 2-min injection for use in adults, in combination with other antiemetics, for the prevention of acute and delayed nausea and vomiting with initial and repeat courses of HEC and MEC. 9 The approval of HTX-019 was based on the findings of 2 bioequivalence studies (104 and 106). 13, 14 A pooled analysis of the 2 studies showed that headache (in 3% of subjects) and fatigue (2%) were the most commonly reported TEAEs after HTX-019 administration, whereas ISAEs (10%) and headache (7%) were the most commonly reported TEAEs after fosaprepitant administration. No serious or severe TEAEs or deaths were reported; all TEAEs were resolved by the end of the studies. Taken together, the percentage of subjects who reported any TEAEs and the number of TEAEs were much less following treatment with HTX-019 130 mg (30-min infusion) compared with fosaprepitant 150 mg (20-or 30-min infusion). Similar results were seen with the percentage of subjects reporting treatment-related TEAEs and the number of treatment-related TEAEs, which were lower in subjects treated with HTX-019. 13, 14 In addition, the number of TEAEs reported within the first 30 mins following the start of infusion was much lower after HTX-019 (2.6%) compared with fosaprepitant (15%) treatment. 13, 14 The approved dosage of HTX-019 is 100 (MEC) or 130 mg (HEC) infused for 30 mins. 9 In November 2017, the FDA announced a significant acute shortage of smallvolume parenteral solutions, including those used for HTX-019 dilution, referring to the American Society of Health-System Pharmacists (ASHP) recommendation that clinicians switch parenteral administration to IV push (injection of 5 mins or less) whenever possible. 15 A recent Phase I study (study 108) addressed the ASHP recommendation by showing that a 2-min injection and a 30-min infusion of HTX-019 130 mg had comparable pharmacokinetic and safety profiles. The most common treatmentrelated TEAEs were headache (4%) and fatigue (6%) in the 2-min injection group and 30-min infusion group, respectively. Only 1 patient (2%) for each method of administration experienced a TEAE (feeling hot) within the first 30-min posttreatment. 16 The results of the current prospective study in patients with cancer receiving chemotherapy are consistent with the study 108 findings 16 in that HTX-019 administration was well tolerated, especially in patients receiving the 2-min injection. These results are of clinical relevance, as they provide safety information on administering HTX-019 as a short injection within a guidelinerecommended 3-drug regimen for CINV prophylaxis in patients receiving emetogenic chemotherapy.
Conclusion
These findings demonstrate that a short injection of HTX-019 has a tolerable safety profile in patients with cancer, and may be used as a potential alternative method of administration in CINV prevention while decreasing the need for IV bags. Notes: The denominator for percentages was based on the number of patients in the safety population exposed to each treatment. Patients with multiple adverse events are counted only once within each MedDRA level within each preferred term. Events occurring prior to the dose in the second period are classified with the first treatment, and events on or after the dose in the second period are classified with the second treatment. Events were classified according to MedDRA, Version 18.1. Abbreviations: IV, intravenous; SAE, serious adverse event; TEAE, treatmentemergent adverse event.
